Introduction
============

Human immunodeficiency virus (HIV) infection has become associated with decreased morbidity and mortality since the advent of highly active antiretroviral therapy (HAART) in Western countries,[@b1-ijgm-5-983] non-Western Asian settings,[@b2-ijgm-5-983],[@b3-ijgm-5-983] and sub-Saharan regions.[@b4-ijgm-5-983] However, older age, HIV infection itself, antiretroviral therapy (ART), HIV-related inflammation, current CD4 T cell count, nadir CD4 T cell count \< 350 cells/mm^3^, and traditional risk factors for cardiovascular disease (smoking, obesity, physical inactivity, excess alcohol intake) substantially increase the risk of cardiovascular disease, including hypertension, stroke, coronary artery disease, peripheral artery disease, dyslipidemia, diabetes mellitus, metabolic syndrome, and lipodystrophy.[@b5-ijgm-5-983]--[@b17-ijgm-5-983]

The occurrence of chronic HAART-associated noncommunicable diseases is attributable to complex molecular mechanisms, including the direct impact of HAART on lipid metabolism, endothelial and adipocyte cell function, and mitochondria.[@b18-ijgm-5-983]

Experts have dichotomized the nadir CD4 T cell count into \<350 cells/mm^3^ versus ≥ 350 cells/mm^3^ to define the optimal time to start ART.[@b19-ijgm-5-983]--[@b21-ijgm-5-983] Changes in CD4 counts from very low levels to at least 200 cells/mm^3^ reduce the frequency of progression of HIV disease.[@b22-ijgm-5-983] In HIV patients of black African descent, psychosocial determinants, including new charismatic religion, significantly delay progression of the disease to acquired immune deficiency syndrome (AIDS).[@b23-ijgm-5-983]--[@b25-ijgm-5-983]

In developed countries, rates of type 2 diabetes mellitus and insulin resistance[@b12-ijgm-5-983] have been increasing among HIV-infected patients after the introduction of HAART. In these settings, the incidence of type 2 diabetes among patients with HIV disease receiving protease inhibitors and other antiretroviral molecules is estimated to be 1%--13%.[@b7-ijgm-5-983],[@b13-ijgm-5-983]--[@b15-ijgm-5-983] Causes of type 2 diabetes in HIV-infected patients are complex, and include the effects of HIV, which is a chronic inflammatory and insulin-resistant condition in itself, genetics, cigarette smoking, physical inactivity, obesity, and aging.[@b16-ijgm-5-983]

However, in sub-Saharan Africa, with the exception of South Africa,[@b4-ijgm-5-983] ART in general and protease inhibitors in particular are not readily available at present. Only 6% of HIV-infected patients have had access to generic ART since 2004.[@b26-ijgm-5-983] In the Democratic Republic of Congo, combination ART is defined as at least triple therapy including two nucleoside reverse transcriptase inhibitors (stavudine + lamivudine or zidovudine + lamivudine) plus one non-nucleoside reverse transcriptase inhibitor (nevirapine or efavirenz).

There are many reports of the increasing prevalence, incidence, and risk factors for type 2 diabetes in general populations,[@b27-ijgm-5-983]--[@b31-ijgm-5-983] but we do not have data about the disease in HIV patients from the Democratic Republic of Congo who have progressed to AIDS. Therefore, the objective of this study was to determine the cross-sectional association between a number of sociodemographic factors and ART, and the incidence and predictors of type 2 diabetes among Central Africans with HIV disease.

Materials and methods
=====================

This study was of mixed design and included both a cross-sectional analysis of baseline sociodemographic, cardiometabolic, and HIV characteristics (CD4, nadir CD4, CD8, HIV-1 RNA, and combination ART) and a longitudinal analysis of nadir CD4 count and the incidence of new-onset type 2 diabetes mellitus while on combination ART at 3-monthly intervals during the study.

The study included two groups of patients (exposed or not exposed to ART) followed up at the Teaching Hospital of Kinshasa University Medical School, Democratic Republic of Congo, between January and December 2008. The institutional research board/ethics committee of Kinshasa University approved the study protocol, which complied with the Declaration of Helsinki. Informed consent was obtained from all participants. A total of at least 87 HIV-infected patients aged ≥ 18 years was needed in each group to give the study sufficient power to detect such an increase in risk (smaller incidence in one group = 0.01; higher incidence in the other group = 0.11; two-sided type I error, α = 0.10; power 80%, <http://www.epibiostat.ucsf.edu/dcr/>).

Patients were followed prospectively during their regular visits to outpatient or inpatient services. At enrolment (baseline in 2004) and at least every 3 months thereafter, standardized data collection forms were completed to provide information about gender, age, family and personal history of diabetes, cigarette smoking, alcohol intake, physical inactivity, marital status, religion, anxiety (stress, death of spouse, lack of social support), socioeconomic status, blood pressure, treatment for diabetes, lipid-lowering therapy, antihypertensive therapy, and any other sexually transmitted infections.

At baseline, a comprehensive evaluation was performed, including measurements of weight, height, body mass index (BMI, kg/height in m^2^), waist circumference, hip circumference, systolic blood pressure, diastolic blood pressure, CD4 cell count, CD8 cell count, viral load (HIV--RNA level), total cholesterol, cumulative exposure to ART (months), and duration of HIV-1 infection (years).

At enrolment and during each longitudinal visit, an oral glucose tolerance test was performed after an 8--14-hour fast overnight, with a standard oral load of 75 mg glucose in 250--300 mL water, and glucose determination on arrival and after 2 hours using hexokinase-glucose-6 phosphate dehydrogenase (Biomerieux, Marcy l'Etoile, France) and an autoanalyzer (Hospitex Diagnostics, Florence, Italy) at the same central laboratory at Lomo Medical, Kinshasa Limete Democratic Republic of Congo (variation coefficient of intratest and intertest for plasma glucose being 1.3% and 1.6%, respectively).

All the information collected was transported into a standardized format and merged into a central data set at the Clinical Epidemiology Unit, Lomo Medical Center, Kinshasa Limete, Democratic Republic of Congo. The data merged in December 2008 are presented in this study.

All incidental cases of type 2 diabetes were reported to the study coordinating office at Lomo Medical Center for central validation and coding. All new-onset cases were identified in one of two ways, ie, a definite diagnosis if fasting plasma glucose was ≥126 mg/dL (7.0 mmol/L) and/or 2H-glucose post load plasma glucose was ≥200 mg/dL (11.1 mmol/L).

Definitions
-----------

Diabetes mellitus was defined according to World Health Organization (WHO) criteria, ie, fasting plasma glucose \> 126 mg/dL (7.0 mmol/L) measured on two consecutive occasions. High and low socioeconomic status were defined according to our previous population-based survey.[@b8-ijgm-5-983] HIV disease staging was defined according to WHO criteria[@b11-ijgm-5-983] and Centers for Disease Control and Prevention classification.[@b12-ijgm-5-983]

Nutritional status included underweight (BMI \< 18.5), ideal weight (BMI 18.5--24.9), overweight (BMI 25--29.9), and obesity (BMI ≥ 30). Therefore, BMI ≥ 25 (overweight/obesity) defined total obesity versus abdominal obesity with waist circumference ≥ 94 cm, a Congolese population-specific cutoff for both men and women as a surrogate of clinical insulin resistance,[@b13-ijgm-5-983] and peripheral obesity with hip circumference ≥ 97 cm, a Congolese population-specific cutoff for both men and women.[@b14-ijgm-5-983]

Lifestyle factors (cigarette smoking, physical inactivity, excessive alcohol intake) were defined according to the WHO STEPwise approach.[@b15-ijgm-5-983] Religion was divided in groups, ie, one comprising the new charismatic religion imported from African-American churches (miracles, positive coping) and another group comprising the traditional churches (Catholic, Protestant, Muslim). In the Democratic Republic of Congo, ART strategies include a combination of stavudine + lamivudine, zidovudine + lamivudine + nevirapine, or efavirenz. High cardiovascular risk was defined as elevated rates of cigarette smoking, alcohol intake, abdominal obesity, overweight/total obesity, and peripheral obesity.

Statistical analysis
--------------------

Data were expressed as the mean ± standard deviation for continuous variables or as proportions (%) for qualitative variables. Means and proportions were compared using the Student's *t*-test and the Chi-square test, respectively. Trends of proportions were examined using linear-by-linear Chi-square tests (*P* for trend). In univariate analysis, the relative risk of type 2 diabetes and its 95% confidence interval (CI) was calculated (Mantel--Haenszel test). In multivariate analysis, the Cox regression model was used to quantify the relationship (hazards ratio and its 95% CI) between exposure to ART, other univariate potential risk factors, and the risk of type 2 diabetes after adjustment for possible differences in the participant cardiometabolic risk profile. Data were regarded as statistically significant when the *P*-value was \<0.05 (two-tailed test). All statistical analyses were performed using Statistical Package for the Social Sciences (SPSS) software for Windows version 13.0 (IBM Corporation, Armonk, NY).

Results
=======

Of 174 eligible patients with HIV disease, 102 patients with complete data (response rate 58.6%) participated in this longitudinal cohort. The study population included 49 patients infected with HIV-1 and exposure to combination ART and 53 patients infected with HIV-1 not on combination ART. The mean known duration of HIV-1 infection was 3.8 ± 1.8 years in the study population and in each exposure group. The mean cumulative duration of exposure to ART was 25 ± 15 months.

[Tables 1](#t1-ijgm-5-983){ref-type="table"} and [2](#t2-ijgm-5-983){ref-type="table"} show the baseline characteristics of the HIV patients at entry into the study and stratified by their ART exposure. Patients on and not on combination ART were comparable (*P* \> 0.05) for general baseline characteristics. All patients had baseline nadir CD4 cells \< 200 mm^3^.

[Figure 1](#f1-ijgm-5-983){ref-type="fig"} shows the distribution of the study population at study entry according to nutritional status and ART exposure. It shows unexpectedly low rates of underweight, with two thirds of participants being of ideal normal weight and one third being overweight or obese. Rates of abdominal obesity (39.6%, n = 40) and peripheral obesity (36.3%, n = 37) were also high among these patients with HIV disease. Abdominal and peripheral obesity were more prevalent in patients with ART exposure (peripheral obesity in 55.1%, *P* = 0.002; abdominal obesity in 63.3%, *P* \< 0.01) than in patients without ART exposure (peripheral obesity in 18.9%, and abdominal obesity in 17%). Paradoxically, abdominal obesity/clinical insulin resistance was present in patients who were underweight, of normal weight, and with overweight/total obesity ([Figure 2](#f2-ijgm-5-983){ref-type="fig"}). At 3-month follow-up, changes in nadir CD4 count from less than to more than 200/mm^3^ occurred in 45 patients on combination ART (98.8%) and in three patients not on combination ART (5.7%), and the difference was statistically significant (*P* \< 0.0001).

Significantly lower rates of anxiety, smoking, and excess alcohol intake but higher values for HIV duration and baseline CD4 counts were present in patients following new charismatic religion than those following a traditional religion (*P* \< 0.0001, [Table 3](#t3-ijgm-5-983){ref-type="table"}). Other characteristics were similar across both study groups (results not shown).

Overall, five of 102 patients developed new-onset type 2 diabetes (rate 4.9% or 9.8 per 1000 person-years). Male gender, following a traditional religion, an increase in nadir CD4 count, exposure to ART, and single status were identified as significant univariate risk factors for incident cases of type 2 diabetes ([Table 4](#t4-ijgm-5-983){ref-type="table"}). However, after multivariate analysis and adjustment for gender, ARV exposure and marital status, only changes in increased nadir CD4 count and following a traditional religion independently predicted onset of type 2 diabetes ([Table 5](#t5-ijgm-5-983){ref-type="table"}).

Discussion
==========

The data show that these African HIV patients are at high cardiovascular risk because of unexpectedly elevated rates of total obesity, smoking, excess alcohol intake, abdominal obesity, peripheral obesity, and physical inactivity. Physical inactivity and social stigma may explain the high rates of obesity in our study because there was not significant association between anthropometry, total cholesterol, and exposure to ART at the entry. This study demonstrated that before introduction of ART in 2004, no cases of diabetes mellitus were reported among these HIV-infected patients. HIV infection on its own was previously thought to be a significant protective factor against the onset of diabetes. However, although protease inhibitors were not available to these patients, the present study has shown an increased risk of type 2 diabetes amongst them, as reported elsewhere.[@b7-ijgm-5-983],[@b13-ijgm-5-983]--[@b15-ijgm-5-983],[@b32-ijgm-5-983]--[@b34-ijgm-5-983] The estimated incidence rate of 4.9% (9.8 per 1000 person-years) of type 2 diabetes in the present cohort remains within the interval of 1%--13% reported in Africa.[@b13-ijgm-5-983]--[@b15-ijgm-5-983],[@b35-ijgm-5-983] In Western countries, cardiometabolic effects related to protease inhibitors are well known in HIV patients.[@b35-ijgm-5-983],[@b36-ijgm-5-983] However, the incidence was lower than the 17--47 per 1000 person-years of incident cases of diabetes in the multicenter AIDS cohort study.[@b36-ijgm-5-983] Ethnicity, sample size, criteria used to define diabetes (a single elevated fasting blood glucose measurement), treatment with protease inhibitors, demographic composition (older age), and higher BMI may explain the differences in incidence rates for diabetes among HIV patients and across the continents. In the US, protease inhibitors increase the likelihood of diabetes developing with age in African-Americans infected with HIV.[@b34-ijgm-5-983]

Our results are consistent with those of other cohorts showing a similar relationship between exposure to ART without protease inhibitors,[@b16-ijgm-5-983],[@b35-ijgm-5-983],[@b36-ijgm-5-983] older age, male gender,[@b35-ijgm-5-983] and incidence of type 2 diabetes. Indeed, older age, cigarette smoking, and excess alcohol intake are well established risk factors for diabetes among HIV patients.[@b35-ijgm-5-983]

Single status may constitute a stress/anxiety with hypersympathicotonia, which is known to determine hyperglycemia. As in people not infected with HIV, age is an important risk factor for both diabetes and coronary heart disease in people with HIV in developed countries.[@b37-ijgm-5-983] The nucleoside reverse transcriptase inhibitors may contribute to a higher risk of diabetes in Central Africans with HIV via different mechanisms. There was a significant association between abdominal obesity (a surrogate for clinical insulin resistance in this ethnic group), peripheral obesity, and exposure to ART. Although the mechanisms of action by which protease inhibitors and nucleoside analogs trigger diabetes is not fully understood, most of the hypothesized pathophysiology implicates the insulin resistance pathway[@b16-ijgm-5-983],[@b17-ijgm-5-983] rather than insulin secretion.[@b38-ijgm-5-983]

It is important to highlight that exposure to ART had no significant effect on CD4 counts in this study. This means that other factors, such as effective control of HIV-related opportunistic infections, appropriate diet (vitamins), and reduced stress may increase the CD4 count,[@b39-ijgm-5-983] including the nadir CD4 count during the early stages of ART in HIV patients with CD4 counts \> 350 cells/mm^3^ and during monitoring of treatment, ie, clinical pharmacovigilance. Indeed, treatment-naïve HIV patients in the same area of Kinshasa and practicing new charismatic religion imported from the US receive more social support, have lower rates of depression and stress, and are less likely to progress to AIDS than their counterparts practicing the more traditional religions.[@b23-ijgm-5-983]--[@b25-ijgm-5-983],[@b39-ijgm-5-983] This may explain the higher risk for new-onset type 2 diabetes in HIV patients with new traditional religion. Indeed, many studies suggest that HIV itself is an inflammatory and insulin-resistant state which can precipitate overt diabetes mellitus,[@b40-ijgm-5-983] although there has been a case report of a 52-year-old African man whose type 2 diabetes resolved when viral replication was suppressed with protease inhibitor-based ART.[@b41-ijgm-5-983] Advanced HIV disease may be associated with an increase in counter-regulatory hormones whereby excess free fatty acids in the circulation reduce insulin sensitivity, hypercortisolism with further stress response as HIV disease progresses,[@b42-ijgm-5-983] growth hormone,[@b43-ijgm-5-983] high tumor necrosis factor alpha levels,[@b44-ijgm-5-983] interleukin-6,[@b45-ijgm-5-983] and HIV protein Vpr acting as a glucocorticoid agonist.[@b46-ijgm-5-983]

Consistent with the obesity epidemic in the general population,[@b29-ijgm-5-983],[@b47-ijgm-5-983],[@b48-ijgm-5-983] the present study shows similarly increasing rates of obesity in HIV patients during the HIV pandemic. Indeed, HIV patients exposed to ART may be living longer[@b49-ijgm-5-983],[@b50-ijgm-5-983] and experiencing a lower frequency of AIDS-related wasting syndrome.[@b51-ijgm-5-983]--[@b54-ijgm-5-983] The clinical implication of the present study is that we should screen aggressively for diabetes in patients with HIV disease to avoid this double burden of disease in Africa.

Conclusion
==========

ART-related obesity and type 2 diabetes are becoming increasing problems in Central Africans with HIV disease. A relative increase in nadir CD4 cell count and traditional religion practices appear to be the strongest independent predictors of risk of type 2 diabetes.
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###### 

Baseline sociodemographic characteristics of patients according to exposure to antiretroviral therapy at baseline

  **Variables**              **All n (%)**   **With exposure to ART n (%)**   **Without exposure to ART n (%)**   ***P-*value**
  -------------------------- --------------- -------------------------------- ----------------------------------- ---------------
  **Gender**                                                                                                      
  • Men                      50 (49)         21 (42.9)                        29 (54.7)                           0.231
  • Women                    52 (51)         28 (57.1)                        24 (45.3)                           
  Current smokers            11 (10.8)       4 (8.2)                          7 (13.2)                            0.412
  Excessive alcohol intake   16 (15.2)       7 (14.3)                         9 (17)                              0.708
  Physical inactivity        83 (81.4)       42 (85.7)                        41 (77.4)                           0279
  **Marital status**                                                                                              
  • Married                  42 (41.2)       21 (42.9)                        21 (39.6)                           0.704
  • Nonmarried               60 (58.8)       28 (57.1)                        32 (60.4)                           
  **Socioeconomic status**                                                                                        
  • High                     28 (27.5)       13 (26.5)                        15 (28.3)                           0.841
  • Low                      74 (72.5)       36 (73.5)                        38 (71.7)                           
  Multiple sexual partners   50 (49)         23 (46.9)                        27 (50.9)                           0.686
  New charismatic religion   44 (43.1)       24 (49)                          20 (37.7)                           0.252
  Anxiety                    16 (15.2)       7 (14.3)                         9 (17)                              0.708

**Abbreviation:** ART, antiretroviral therapy.

###### 

Comparing mean baseline levels of continuous variables according to exposure to ART at baseline

  **Variable of interest**   **All mean ± SD**   **With ART exposure mean ± SD**   **Without ART exposure mean ± SD**   ***P-*value**
  -------------------------- ------------------- --------------------------------- ------------------------------------ ---------------
  Age (years)                43.4                43 ± 9.2                          43.6 ± 13.3                          0.874
  BMI (kg/m^2^)              23.1 ± 4.1          23.1 ± 4.1                        23 ± 4                               0.855
  WC (cm)                    83.2 ± 13.9         84.9 ± 12.2                       82 ± 12.6                            0.770
  HC (cm)                    89.8 ± 13.9         87.6 ± 8.4                        92.5 ± 13.9                          0.442
  SBP (mmHg)                 116.2 ± 19.7        113.6 ± 19.4                      118.5 ± 19.9                         0.214
  DBP (mmHg)                 70.8 ± 19.7         70.4 ± 13.3                       71.1 ± 13.6                          0.751
  FPG (mg/dL)                64 ± 21.6           96.6 ± 24.6                       96.1 ± 16.3                          0.340
  2H-FPG (mg/dL)             106.9 ± 30          118 ± 32.5                        104.9 ± 124                          0.451
  CD4 cells/mm^3^            167.2 ± 113.4       169.8 ± 95.1                      161.6 ± 124                          0.772
  CD8 cells/mm^3^            819.6 ± 551.6       755.5 ± 205.8                     8801 ± 740.9                         0.259
  HIV-1 RNA (copies/mL)      144280 ± 222431     131839 ± 174269                   15296 ± 251927                       0.660

**Abbreviations:** ART, antiretroviral therapy; BMI, body mass index; DBP, diastolic blood pressure; SBP, systolic blood pressure; FPG, fasting plasma glucose; HC, hip circumference; WC, waist circumference; SD, standard deviation.

###### 

Distribution of important variables by religion

  **Important variables**    **NCR (n = 44)**   **Traditional religion (n = 58)**   ***P*-value**
  -------------------------- ------------------ ----------------------------------- ---------------
  Anxiety                    4 (9.9)            12 (20.7)                           \<0.0001
  Smoking                    1 (2.3)            10 (17.2)                           \<0.0001
  Excessive alcohol intake   2 (4.6)            14 (24.1)                           \<0.0001
  HIV duration (years)       4.2 ± 2.2          2.1 ± 1.6                           \<0.0001
  CD4                        264 ± 115.2        145.4 ± 94.2                        \<0.0001

**Abbreviations:** HIV, human immunodeficiency virus; NCR, new charismatic religion; SD, standard deviation.

###### 

Univariate association of combination antiretroviral therapy and other cardiometabolic risk factors with the incidence of type 2 diabetes

  **Variable of interest**           **n**   **%**   **RR (95% CI)**    ***P*-value**
  ---------------------------------- ------- ------- ------------------ ---------------
  **Incidence of type 2 diabetes**                                      
  Gender                                                                
  • Men                              5       10      1.1 (1.01--1.4)    0.019
  • Women                            0       0                          
  Religion                                                              
  • Traditional                      5       8.6     1.1 (1.01--1.3)    0.046
  • New charismatic                  0       0                          
  ART exposure                                                          
  • Yes                              4       8.6     1.1 (1.002--1.3)   0.064
  • No                               1       1.9                        
  Marital status                                                        
  • Nonmarried                       4       9.5     6.2 (1.5--15)      0.047
  • Married                          1       1.7                        
  At 3 months                                                           
  ART changes of nadir CD4           5       10      1.1 (1.1--1.4)     0.019
  Shift to \>200/mm^3^                                                  
  Constant to \<200/mm^3^            0       0                          

**Abbreviations:** ART, antiretroviral therapy; RR, relative risk.

###### 

Adjusted hazards ratio of new-onset of type 2 diabetes in patients with HIV disease

  **Independent variables at study entry**   **Beta coefficient**   **SE**   **HR (95% CI)**
  ------------------------------------------ ---------------------- -------- -----------------
  Changes of nadir                           0.003                  0.001    1.003
  CD4 cell count                                                             (1.001--1.005)
  **Religion**                                                               
  Traditional versus NCR                     0.741                  0.354    2.1 (1.1--4.2)

**Abbreviations:** CI, confidence interval; HIV, human immunodeficiency virus; HR, hazards ratio; SE, standard error; NCR, new charismatic religion.
